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THE VARIATIONS IN THE NUMBER OF VER- 
TEBRAE AND VENTRAL SCUTES IN TWO 

SNAKES OF THE GENUS REGINA 

ALEXANDER G. RUTHVEN AND CRYSTAL THOMPSON 

MUSEUM OF ZOOLOGY, UNIVERSITY OF MICHIGAN 

It has been asserted that the number of large scales on 
the ventral surface in snakes is the same or nearly the 
same as the number of vertebra. Gadow (1901, p. 582) 
asserts 'that the "skeleton segments correspond in num- 
ber to the ventral and transverse scales of the skin," but 
Jourdran (1903, pp. 25-26) has failed to find an exact 
correspondence between the total numbers of scutes and 
vertebrae in many specimens. According to the counts 
published by the latter writer (1903, pp. 25-26), the dis- 
crepancy may vary from 25 less to 53 more scutes than 
vertebra, and he concludes, 

On peut done conclure qu'il n'y a qu'une concordance tres relative 
entre le squelette interned et la metamerisation externe des teguments. 

Unfortunately a study of Jourdran's paper seems to 
show that his counts of the vertebrae can not be relied upon. 
Some of the skiagraphs are so poor that it is doubtful if 
careful counts could be made from them, many of the 
numbers given are estimates, the tail in some of the speci- 
mens is broken, the disposition of (the vertebra is not 
indicated, except when the number of ribs is given, and 
the number of ribs given is in some cases much greater 
than shown in the skiagraphs, apparently indicating that 
the long transverse processes of the proximal tail ver- 
tebrae have been counted as ribs. We believe that Jour- 
dran's work shows only that some discrepancy between 
the number of vertebrae and the number of scutes may 
occur. Grosser (1905, pp. 57-61) has pointed out that 
there is a metameric arrangement of the ventral scales 
except in the neck, anal and tail regions, so that dis- 
crepancies must be confined to these regions. 
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On the assumption that the belly scales and body 
vertebrae are the same, Bateson (1894, p. 123) has pointed 
out that there must be considerable variation in the num- 
ber of vertebra in this region, and Ruthven (1908) has 
shown that if the number is the same in both series in the 
genus Thamnophis closely related species when differing 
in relative size also differ in the number of body and tail 
vertebrae, since they do so vary in the number of scutes. 

In view of the fact that there may be a discrepancy in 
the number of vertebrae and ventral scutes, general con- 
clusions based on the correlation between the two series 
are of little value until the method, amount and place of 
variation has been determined.. As is well known a pro- 
nounced sexual variation in the scutes occurs in at least 
some species, the males having on the average fewer 
belly scutes and more subcaudal scutes than the females. 
It might very well be that while the total numbers of 
scutes and vertebrae are not the same, the number in each 
whole series is about the same in the two sexes, the varia- 
tion simply affecting the relative number on the body and 
tail, or there may be more or less scutes than vertebrae on 
the body and less or more scutes than vertebrae on the tail, 
so that the total number in the two series is close together, 
or the number of scutes may vary independently of the 
vertebrae sufficiently to bring about the observed sexual 
differences, the number of vertebrae remaining the same, 
and the relation between the number of members in each 
series may be different in different forms. 

It has been the purpose of this study to determine the 
correlation that exists between the number of belly scales 
and body vertebrae and between the number of subcaudal 
scales and caudal vertebrae in two species of snake, and 
from this to discover if the sexual and individual differ- 
ences in scales are associated with differences in the total 
number of vertebra or are merely in the relative number 
on the body and tail. 

The results embodied in this paper were in part ob- 
tained by Mr. Charles Obee, in 1910, under the direction 
of the senior writer, and were submitted by him in the 
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form of a thesis to the faculty of the department of litera- 
ture, science and the arts, University of Michigan, in 
partial fulfillment of the requirements for the degree of 
Master of Arts. The work was completed by the junior 
writer in 1912. The skiagraphs were made by Dr. E. T. 
Loeffler, of the department of dentistry, University of 
Michigan, and we gratefully acknowledge -his untiring 
efforts to provide us with satisfactory plates of the rather 
difficult material, without which the work could not have 
been completed. 

The methods used in this study are simple. Two 
closely related species belonging to the North American 
genus Regina (Natrix in part or Tropidonotus in part of 
some writers), R. leberis (L.) and R. grahami (B. & G.) 
were used. Most of the work was done on R. leberis. In 
a series of specimens the sex and the number of ventral 

FIG. 1. Skiagraph of anal region of a specimen of Regina leberis (L.) to show 
position of last three vertebrae. The pin lies in the anal opening. 

(belly and subcaudal) scales was determined, and skia- 
graphs were made of each specimen from which the 
vertebrae were counted. Before making the skiagraphs a 
pin was thrust through the body at the anus so that the 
position of the last few body vertebrae would be revealed, 
and it was determined by dissection which pair of the 
short anterior ribs is the first to reach a ventral scute and 
the number of this scute. 

General Relations of Vertebra and Scutes.-It is first 
to be stated that in the few specimens dissected it is the- 



628 THE AMERICAN NATURALIST [VOL. XLVII 

third or fourth pair of anterior ribs, on the fifth and 
sixth vertebrae, that first extends to the belly scutes, and 
the scute reached is the eighth. This makes three or two 
scutes more than vertebra in the neck region, and there is 
probably a slightly greater difference than this in some 
specimens, as there is a difference in the extent to whicl 
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FIG. 2. Variation in the number of anal plate, then there 
body vertebrae and belly scales in Regina would be barring the 
leberis (L.). ---, variation in 
vertebra, females; -+ -+ -+, varia- discrepancy anteriorly, 
tion in vertebra, males; . . . .. variation two more body vertebra, 
in scutes, females ; -. -. -., varia- 
tion in scutes, males; MV., mean nurn- than scutes, but as there 
ber of vertebra (146.25 A, 146.87 ?); 
M.S., mean number of scutes (146.37 c3 are about two or three 
146.75 ?). scutes in excess of ver- 
tebrae anteriorly the two extra ribs reduce the discrep- 
ancy to one or nothing in the specimens dissected. That 
this is about the normal condition is shown by the 
variations in the series studied, and it may be concluded 
that when the differences are more or less than this 
number the discrepancy is due to the addition or loss of a 
belly scute or two under the chin. 
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Variation in R. leberis.-In the diagrams (Figs. 2, 3, 4) 
the variations in sixteen specimens of R. leberis are shown 
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in the number of body vertebrae (8 in the males and 13 in 
the females), and the males have on the average .62 less 
than the females; and there is a similar variation in the 
belly scales, the males having .38 less than the females. 
In the females the number of belly scales varies from one 
less to one more than the body. vertebrae, the average 
being .12 less, and in the males the variation is from one 
less to two more scales than vertebrae, the average being 
.12 more. The number of caudal vertebrae is variable (11 
in the males and 10 in the females), and the males have 
on the average 6.25 more vertebra than the females; and 
there is a similar variation in the number of subcaudal 
scutes,' the males having 5.62 more than the females. In 
the females the number of subcaudal scales varies from 1 
to 3 less than the tail vertebra, averaging about 2 less, 
and in the males the scutes vary from 1 to 4 less, average 
2.63 less. 

It is evident from this summary that the average excess 
of tail vertebra- over subcaudal scutes (2.63 in the males, 
2 in the females) is only slightly affected (.12 in either 
direction) by the discrepancy between the belly scutes 
and body vertebra when the whole series are considered, 
so that the normal relation in the entire series in both 
sexes is about two less scutes than vertebrae. Further- 
more the total number of vertebra and scutes in the males 
is respectively 5.63 and 5.25 greater than the average 
number possessed by the females, the decrease (.62 and 
.38) in the body series in the males not being sufficient to 
lower the total number to the average number in the 
females. Still further, a pronounced variation in the 
total number of vertebrae and scutes in each sex is re- 
vealed. This variation amounts to 15 vertebrae and 12 
scutes in the males and 9 vertebrae and 9 scutes in the 
females, and is of course due to the fact that deviation 
from the mean in one member is not compensated by a 
corresponding deviation from the mean in the opposite 
direction in the other member. Thus in the 16 specimens 
the variation on the body and tail is in the same direction 

1 It should be stated here that the subeaudal seutes are paired, and that 
references to the number always refer to the pairs. 
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in 6 specimens, and while in different directions in the 
remaining 10, in only 5 do the deviations in the two mem- 
bers approach equality and in four of these the deviation 
from the average is very small in both series. 

Variation in R. grahamni.-From the above results one 
may conclude that if the same correspondence in the 
number of ventral scutes and vertebrae prevails in nearly 
related forms the form with the most scales will have the 
most vertebrae. To test this point in the genus studied a 
small series of males (all that were available) of R. 
graharni were examined. The results are shown in the 
following table: 

THE NUMBER OF VERTEBRAE AND VENTRAL SCUTES IN THREE SPECIMENS OF 

Regina graha'mi (B. & G.) 

Body Vertebrae Body Scales Tail Vertebra Tail Scutes Total Vertcbroe Total Scutes 

177 178 68 62 245 240 
167 170 64 63 231 233 
177 178 62 64 244 242 

Average 173.66 175.33 66.3 63 240 238.3 

Body scutes > body vertebrae 1.67. Tail scutes < tail vertebrae == 3.3. 
Total vertebrae > total scutes = 1.66. 

It will be noted that the same close correspondence in 
scutes and scales is indicated in R. grahamin as has been 
demonstrated for R. leberis, and that notwithstanding 
the fewer vertebrae in the tail the former species has a 
decidedly larger number of vertebrae and scutes. There 
is no reason to believe that the females of R. grahami will 
not show a similarly higher number of scales and the same 
relation between scutes and vertebra. 

SUMMARY AND CONCLUSION 

The variation in series of R. leberis may be summar- 
ized as follows: 

1. The number of belly scutes is practically the same 
as the number of bodv vertebra, and the number of sub- 
caudal scutes is between two and three less than the 
number of carudal vertebra. 

2. The sexual differences consist of an average of less 
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than one body vertebra and belly scale more and between 
five and seven caudal vertebrae and subeaudal scales less 
in the females than in the males. 

3. There is considerable variation in the total num- 
ber of vertebrTe and scales in the two sexes, variations in 
the series of one member rarely equaling opposite varia- 
tions in the series of the other. 

It goes without saying that the extent of variation in 
the two series is probably not indicated in the small 
amount of material used, but the relations of the num- 
bers in the different series are so little variable that 
there can be but little doubt that the above summary ex- 
presses the general conditions. 

It is not known at present just how widespread this 
close correspondence in the number of vertebrT, and ven- 
tral scutes is among snakes, but it is conservative to say 
that there is probably a. correlation between the two 
series in most, if not all, forms, and that in some groups 
this correlation approaches close correspondence in the 
number of parts. It follows from this that, as in R. 
leberis and R. grahamni, the species with most numerous 
ventral scales have more vertebra than others in which 
the same correspondence prevails, and the opposite, and, 
as the senior writer has shown that variations in size in 
groups of related species in the genus Thamnophis are 
associated with differences in the number of scutes, the 
larger forms having more scales than the smaller, it may 
be assumed, tentatively at least, that difference in rela- 
tive size in such a group of closely related species is a 
deep-seated modification that affects the number a-s well 
as the size of the metameres. 
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